S
EVERE pain evokes in man a variety of complex physiological and psychological events that are poorly understood. Our current knowledge of the neuroanatomica1 and physiological substrates for painful experiences have been gathered from clinical observations in humans or by inference from experiments with mute animals. This report concerns observations that have been made in persons suffering from severe chronic pain who were to undergo treatment for their pain by means of stereotaxic lesions localized in the dorsolateral tegmentum that would interrupt the ascending pain pathways. Before placement of the therapeutic lesions, fine electrodes were introduced into the midbrain and thalamus and electrical stimulation of these neural regions was carried out while the patient was alert.
A group of 15 persons with intractable central pains was selected for stereotaxic mesencephalic tractotomy; in 12, chronic depth electrodes were implanted in the mesencephalon and thalamus preceding therapy (Table 1) . Of the 12 patients who were electrically stimulated, three had phantom arm pain and one a severe causalgic arm pain. Eight persons suffered from central pain or dysesthesia. The selection of this latter group of patients was based on Riddoch's definition of central pain as "spontaneous pain and painful over-reaction to objective stimulation resulting from lesions confined to the substance of the central nervous system, including dysesthesia of any kind. ''1~
The cervical cord or the brachial plexus were the sites of pathologic involvement in the patients with phantom limb pain and the causalgia. In the eight patients with central dysesthesia, the pain was due to pathologic involvement at five sites in the central nervous system. These sites included the spinal cord, medulla, mesencephalon, thalamus, Received for publication March 1, 1968. and the cerebral cortex (parietal lobe). There was additional clinical evidence for multiple sites of central nervous system involvement in two of these patients (Cases 5 and 12) with the central pain. Previous attempts had been made to relieve their pain by surgical interruption of the lateral spinothalamic tract in the spinal cord or the midbrain. Their original dysesthesia had then been replaced or intensified by a postoperative dysesthesia.
The etiological causes for the central pain were varied and included subarachnoid hemorrhage, cerebral thrombosis, encephalomyelitis, multiple sclerosis, spontaneous and surgical trauma. Severe trauma that had resuited in a traction injury to the arm, shoulder, and neck was the major cause of the pain in the patients with the phantom limb and the causalgia.
The pains centered in the phantom limb were always localized to the hand and fingers, while the pains associated with the central dysesthesia were more diffusely distributed and involved areas of the face, arm, chest, or abdomen.
Stereotaxic Method
The stereotaxic operations were carried out in two parts. A modified Bertrand stereotaxic instrument was used for implanting the depth electrodes. During the first operation, electrodes were introduced stereotaxicallv through a frontal burr hole usually situated 1 cm behind the coronal suture and 1 cm lateral to the sagittal suture. Depth electrodes were implanted in the side of the brain opposite the area of the pain. Multiple electrodes were implanted through the burr hole, and electrical stimulation was carried out in the weeks that followed. This was done while the patient was alert and cooperative. At a second operation, one or more H. F. lesions were made in the dorsolateral teA-14 At the first stereotaxic operation the ventricular system was outlined with air and Pantopaque (3 cc). This was done by introducing a small flexible catheter through the lateral ventricle via one intraventricular foramen into the third ventricle. The posterior commissure and rostral end of the Sylvian aqueduct were always visualized by this technique, which was considered essential for the precise stereotaxic orientation of the electrodes into this region of the midbrain. The electrodes were aimed in the rostrocaudal direction to cross the anterior commissureposterior commissure (AC-PC) line at an approximate angle of 65 ~ to 70 ~ . The point of entry for the electrodes into the dorsolateral portion of the midbrain was usually at the level of the posterior commissure and superior colliculus. The electrodes were also oriented in a lateromedial direction so as to enter the midbrain at an angle of 2 ~ to 4 ~ to the midsagittal plane through the center of the third ventricle or the aqueduct.
With this method of introduction the electrodes came to lie almost parallel to the long axis of the brain stem and passed in a rostrocaudal direction through the core of the dorsolateral and ventral tegmentum as far caudally as the inferior colliculus (Fig. 1 ) . The electrodes introduced in this manner came to lie in the dorsolateral tegmentum at varying distances from the midsagittal plane. It was estimated that medial electrodes were lying within 2 mm of the center of the aqueduct while the most lateral electrodes
